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Abstract
Aim: To compare the abilities of computed tomography (CT), cone beam computed tomography (CBCT) with X-resin and ridge
mapping and to measure the thickness of bone and soft tissue during implant planning, which allows increasing the success criteria
of implant placement. Materials and Methods: This validity study included a total of 96 samples chosen from 20 patients undergoing
implant surgeries (mandible and maxilla) aged between 25 and 50 years. Measurements of bone and mucosa were done by using
three techniques, which are the CT, CBCT with X-resin, and finally ridge mapping at 4 points that are 3, 4, 5, and 6 mm from the
alveolar crest. The analysis of variance test was used for statistical analysis, establishing a level of significance at P ≤ 0.05. Results: A
comparison between the different techniques was done using Freidman’s test with the Wilcoxon signed-rank test for paired (matched)
samples as multiple 2-group comparisons. Two-sided P < 0.05 were considered statistically significant. For bone measurements, results
showed that there was a statistically significant difference between CBCT and CT and between CBCT and ridge mapping, whereas for
soft tissue measurements; results showed that there was no statistically significant difference between ridge mapping and CBCT using
the X-resin stent and there was a slight statistically significant difference between the ridge mapping and the CT. Conclusion: The study
reveals the ability of CBCT with the X-resin to give accurate measurements not only to the bone but also for the soft tissue in different
cases with the least radiation dose and low cost.
Keywords: CBCT, CT, Edentulous Area, Implant, Ridge Mapping, X-resin
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Introduction
The classical parameters to evaluate the success rates
of dental implants are the evaluation of the periimplant tissue, which is composed of soft (mucosa) and
hard (bone) tissues.[1-4] It was known that successful
osseointegrated implant requires direct bone contact to
the implant surface but now all researches show that both
soft tissue (ST) and bone affect the implant success rate
as ST restores function, esthetics, prevent inflammatory
peri-implant disease, and ensures a long-term survival for
the dental implant.[5-10]
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Computed tomography (CT) scan provides good resolution
for both hard and ST but due to high radiation dose and costeffectiveness, it has limited use than cone beam computed
tomography (CBCT).[11-15] Ridge mapping is a clinical
technique used to measure bone level with the thickness
of overlying mucosa without any radiation exposure for
the patient but at the same time, it is classified as a surgical
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procedure that needs certain calipers, files, and infiltration
anesthesia before implant placement.[16-20]
The use of the CBCT with the X-resin can be considered
as a single technique modality for measuring the full
thickness of both ST and bone during implant planning
to overcome any failures especially that both tissues act as
keys for a successful implant.
The aim of this study was to know if it is important to
measure the thickness of ST during implant planning and
also focuses on the use of X-resin with the CBCT and it’s
the ability to give an accurate thickness for both bone and
ST when compared with other modalities.

Materials and Methods
Setting and design
A presented experimental study was performed on 20
participants who were randomly selected from the outpatient
clinics of Cairo University, Faculty of Dentistry, Egypt, and
University Hospital of Misr University for Science and
Technology, Egypt during 2018–2019. All patients had ages
ranged between 25 and 50 years (mean age 35 years).

Sampling criteria
Inclusion criteria were patients with good oral hygiene
with at least one periodontally healthy and stable tooth

adjacent to the edentulous ridge to serve as an abutment
for the radiographic stent and healing period of at least
3 months after tooth extraction. Exclusion criteria were
the presence of systemic diseases that causes atrophy
of oral mucosa, gingival bleeding, gingival ulcers, and
significant bone loss, pregnancy, current smoking habits,
history of radiotherapy to the jawbone, or intravenous
bisphosphonate therapy, untreated intraoral pathology or
malignancy, and uncontrolled alcohol abuse.
Ninety-six implant sites have been chosen from 20
patients undergoing implant surgeries for edentulous
areas of mandible and maxilla. No drop of participants
was noted. All patients were subjected to CBCT then CT.
The radiographic validity test was the CT as our reference
test or gold standard and will be compared by the CBCT
with the use of the X-resin stent and the ridge mapping.

Study method
Examination 1: Measuring bone width and mucosal
thickness using ridge mapping
An impression of the edentulous ridge was taken with
alginate (Tropicalgin, Zhermack), to perform study models
for the construction of ridge mapping stents. On each study
model, a clear resin stent (Pyrax heat cure base polymer
resin) was fabricated with the reference and measurement
points. Four measurement points were marked from the

Figure 1: Alginate impression for the upper arch to perform a study model to fabricate clear resin stent with the 4 measurement points drilled on it
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alveolar crest (reference point) 3 mm, 4 mm, 5 mm, and 6 mm
from the alveolar crest of buccally and lingually. The points
were visible over the stent through the transparent acrylic
resin material and a 1 mm diameter hole was made over
every point of the 4 points by using small round bur size 1
in a high-speed contra-angle handpiece (NSK). [Figure 1]
In the patient, 0.5 mL of local anesthetic solution
(Xylites, 3M ESPE) was administrated by infiltration to
each mapping site to minimize the swelling of mucosa.
A Caliper used was Helmut Zepf Germany. The stent was
disinfected with Nanzidone Povidone‑Iodine Solution
Microbial 5% (Dheer Healthcare Private Limited) and
then inserted in the patient’s mouth. The caliper pointed
tips penetrated the buccal and lingual ST layers and
measured the buccolingual width of the underlying bone.
[Figure 2]
Measurements were made on both the patients’ mouth and
respected cast to give the thickness of ST because the cast
resembles both the bone and ST whereas measurements
in the patient’s mouth represent only the bone (B). The
measurements from patient mouth were subtracted from

the measurements from the cast to give the thickness of
ST only.

Examination 2: Measuring bone width and mucosal
thickness using CBCT with radiopaque X-resin stent
Radiopaque stents were made from a material known as
X-resin which contains dibenzoyl peroxide. The template
was made on a planning model with a thickness of 1 mm
and it was placed on the edentulous area after the complete
set of the material. CBCT was advised to patients who
had alginate impressions cast with a radiopaque stent
[Figure 3].
All patients were subjected to CBCT scanning using
a Planmeca Promax 3D MID cone beam with 15-bit
grayscale that corresponds to 65,000 shades of gray and
127 um detector resolution and a low-dose scanning
protocol and exposure was in the standing position.
Images were obtained using 1–14 mA, 60–90 Kvp, and a
focal spot size of 0.5 mm (fixed anode). An upper light
beam indicated the top of the field of view (FOV), and
another lower light beam indicated the bottom of the
FOV. Cotton roll used to bite on the radiopaque stent to
ensure the stabilization of stent during imaging [Figure 4].
Linear measurements were performed using CBCT
software (Romexis Viewer, Planmeca 3D mid) by drawing
a reference line from the buccal area of the inner side of the
radiographic stent to the lingual/palatal area of the inner
side of the radiographic stent at the level of the alveolar
crest and then drawing tangent lines at 4 different points

Figure 2: Using the caliper through the clear resin stent to measure the
thickness of bone and soft tissue
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Figure 3: The X-resin radiopaque template
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3, 4, 5, and 6 mm from the alveolar crest of the buccal area
to the lingual/palatal area showing the thickness of both
soft mucosa and bone in mm [Figure 5]. Then these two
measurements were subtracted from each other to reveal
the thickness of the ST. All measurements were done two
times by two examiners.

Examination 3: Measuring bone width and mucosal
thickness using CT without resin stent
The CT machine (Philips The GE Light-Speed 16 Slice;
120 Kvp, 222 mA exposure parameters was used with lowdose protocol and ST filter without any radiopaque stents.
Before imaging the patients, a cotton roll was placed in
the buccal vestibule of each patient between the cheek and
the edentulous area as it aids in the appearance of the ST
shadow with the bone. Linear measurements from CT
images were measured using the CT software (MxLite View)
[Figure 6]. The same points and reference lines are drawn on
the CT images, measurements recorded as made in CBCT.

version 22.0 (IBM, Armonk, New York). The sample
size was calculated using the G*Power program
(University of Düsseldorf, Düsseldorf, Germany).
Data were statistically described in terms of (±standard
deviation [SD]), median, and range when appropriate.
A comparison between the different techniques was done
using Freidman’s test with the Wilcoxon signed-rank
test for paired (matched) samples as multiple 2-group
comparisons after applying Bonferroni adjustment
for multiple comparisons. Two-sided P < 0.05 were
considered statistically significant.
To assess the accuracy of the linear measurements yielded
from CBCT in comparison to those from CT images (Gold
Standard), a comparison between the measurements was
performed using the paired t test based on a previous
study by Luk et al.[21]:

Statistical analysis
Data were analyzed by using the Statistical Package
for the Social Science (SPSS) software program,

Figure 5: CBCT linear measurements on Romexis software

Figure 4: Imaging the participant with splint using Planmeca CBCT
machine

Figure 6: Computed tomography linear measurements on MxLite View
software
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measurements yielded from ridge mapping, CBCT, and
CT. The results revealed the ability of the 3D images to
give better diagnostic accuracy of the bone especially in
the small thin edentulous area than the ridge mapping. At
the same time, there was no significant difference between
data from CBCT and CT [Table 1].

1. A total sample size of 98 will be sufficient to detect an
effect size of 0.25, a power of 80%, and a significance
level of 5%. The number is increased to a total sample
size of 123 to allow for losses of around 25%.
2. A total sample size of 31 will be sufficient to detect an
effect size of 0.46, a power of 80%, and a significance
level of 5%. The number is increased to a total sample
size of 45 to allow for losses of around 25%.

For measurement ST, results showed that there was
no statistically significant difference between the
measurements yielded from ridge mapping and CBCT
using the x-resin stent. At the same time, there was a slight
statistically insignificant difference between the ridge
mapping and the CT (ST window) [Table 2].

Results
This study comprised a total of 20 patients undergoing
implant surgeries for edentulous areas (mandible and maxilla).
The linear measurements of both CBCT images with the
X-resin stent and CT images were taken in mm and diagnostic
accuracy was compared between the three techniques: ridge
mapping, CBCT, and CT at 4 points: 3, 4, 5, and 6 mm for
both B and ST. The reference standard for this study was CT.

Linear measurements were described in terms of mean,
median, SD, and range according to each group. The
significance level was verified at P ≤ 0.05.

Intraobserver and interobserver reliability

For measurement B, results showed that there was
a statistically significant difference between the

For linear measurements, intra- and interclass correlation
coefficients were calculated to determine the level of

Table 1: Statistical analysis at 4 mm for bone measurements for each modality with Friedman test for bone (B)
N
Size-4-Ridge-B
96
Size-4-CBCT-B
96
Size-4-CT-B
96
Friedman test for bone (B)

Mean
6.619
9.131
8.41

Descriptive statistics for bone (B) measurements at 4 mm
Std. deviation
Minimum
Maximum
2.5215
2.1560
2.600

0.0
2.0
1

13.0
13.0
13

75th

Percentiles
25th
50th (median)

5.000
8.000
7.00

6.000
9.750
8.75

9.000
10.100
10.00

Mean rank
1.13
2.68
2.20

Size-4-Ridge-B
Size-4-CBCT-B
Size-4-CT-B

Table 2: Statistical analysis at 4 mm for soft-tissue measurements for each modality with Friedman test for soft tissue (ST)
N

Descriptive statistics for soft tissue (ST) measurements at 4 mm
Mean
Std. deviation
Minimum
Maximum
75th

Size-4-Ridge-ST
96
1.206
Size-4-CBCT-ST
96
1.151
Size-4-CT-ST
96
0.735
Friedman test for soft tissue (ST)

0.5673
0.4621
0.3350

0.5
0.5
0.1

4.0
3.0
2.0

1.000
1.000
0.500

Percentiles
25th
50th (median)
1.000
1.000
0.800

1.425
1.100
1.000

Mean rank
Size-4-Ridge-ST
Size-4-CBCT-ST
Size-4-CT-ST

2.36
2.33
1.30

Table 3: Sample of the assessment of ICC and P value
Site
Upper right central
incisor
Upper left central
incisor
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ICC and P value of the first reading

ICC and P value of the second reading

Total

Level of agreement

ICC:0.86 P < 0.0001 at 4 mm level

ICC:0.94 P < 0.0001 at 4 mm level

0.95

Very strong

ICC:0.80 P < 0.0001 at 4 mm level

ICC:0.85 P < 0.0001 at 4 mm level

0.92

Very strong

590  Journal of International Oral Health ¦ Volume 12 ¦ Issue 6 ¦ November-December 2020
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Table 4: Sample of the assessment of ICC and P value
Site
Lower right second
premolar
Lower left second
premolar

ICC and P value of candidate

ICC and P value of second observers

Total

Level of agreement

ICC:0.80 P < 0.0001 at 6 mm level

ICC:0.86 P < 0.0001 at 6 mm level

0.95

Very strong

ICC:0.84 P < 0.0001 at 6 mm level

ICC:0.85 P < 0.0001 at 6 mm level

0.95

Very strong

agreement between the first investigator and the second
investigator’s records as shown in Tables 3 and 4. The
level of agreement is specified according to LeBreton
and Senter[22] for inter-rater reliability coefficients. The
coefficient ranges from 0.00 to 0.30 indicates lack of
agreement and 0.31 to 0.50 as weak, 0.51–0.70 as moderate,
0.71–0.90 as strong, 0.91–0.100 as very strong agreement.
Statistical significance was set at P ≤ 0.05.

Discussion
Several studies proved that the success rate of implant
cases nowadays does not depend on the osteointegration
between implant and bone only, but it also depends on
the thickness of ST as less than 0.8 mm of ST causes
rescission around the implant and losing of papillae and
the necessity to know the amount ST before the implant to
ensure the health and long-term stability of peri-implant
tissues. Puzio et al.,[1] Sculean et al.,[23] Fuentealba and
Jofré,[24] Kumar et al.,[7] and Talwar.[9]
According to a calculation done from the ST measurements,
it will be easy for the clinician to determine if he needs
to make an ST augmentation during implant placement
and avoid any sudden complications during the implant
insertion, knowing the accurate width and thickness of
the ST influence factors as ST recession around dental
implants Sculean et al.,[23] Hsu et al.[25] and AlTarawneh
et al.[26]
According to the results obtained from this study at 3,4,5
and 6 mm points for B assessment, there was a statistically
significant difference between the measurements yielded
from ridge mapping and both CBCT and CT. Wilcoxon
test confirmed the ability of 3D images to give better
diagnostic accuracy of the bone especially in the small thin
edentulous area than the ridge mapping Moreover, there
was no significant difference between data from CBCT
and CT at the same two points for bone assessment.
Regarding ST assessment at the same points, there was
no statistically significant difference between the results
of ridge mapping and CBCT using the x-resin stent and
there was a slight insignificant difference between ridge
mapping and CT. Meanwhile, ridge mapping is not
feasible in such cases and is subjected to false results; as
it can be used more easily in cases where the pattern of
resorption appears more regular, and where the mucosa
is of a more even thickness. The results of this study are
in correspondence with results from Dave et al.[27] and

Chugh et al.[28] who found that the CBCT method for
the evaluation of alveolar ridge width measurements is
indicated in areas where the ridges are resorbed, maxillary
anterior ridge concavities, and yields more accurate results
than ridge mapping.
Other studies confirmed our results in areas of diminished
bone density, such as the posterior maxilla, the bone
volume is even more essential in presurgical assessment
and planning which confirmed that CBCT is found to be
very accurate in predicting bone volume in the posterior
maxilla as Weiss and Read-Fuller,[29] Pranskunas et al.[30]
and Hämmerle and Tarnow.[31]
Alternatively, results obtained by applying the specificity
and sensitivity analysis, showed that the RM technique
had a sensitivity for detecting ridges suitable for DIs with
a value of 59%, not as high as found on CBCT (92%). This
sensitivity value of RM translated in an underestimation
of the values of alveolar ridge width coincides with Bede
and Ahmed[20] who found an average of 3.6 ± 1 mm below
the average’s measurements of the gold standard.
An explanation for this could be due to the application
of excessive pressure when caliper points passed through
ST and bone, which could lead to perforation of the
cortical bone, having, as a result, some millimeters less in
the reading of the ridge width. Furthermore, our findings
were also in alignment with the results reported b CastroRuiz et al.,[19] Agrawal[32] and Kadkhodazadeh et al.[33]
who found that both methods, RM and CBCT showed
high specificity of 91% and 94%, respectively, in assessing
certain ridges, this result shows that RM could be useful
and enough in those cases in which the ridge size is ideal.
Also, these study results are correspondence with Luk
et al.,[21] Suárez‐López del Amo et al.[34] and Edward
et al.[35] proved that there was a significant difference
between CT and ridge mapping in all sites and the mean
difference between them reached 0.3 mm to 0.5 mm.
X-resin is a new radiographic stent material known also
as X-resin CT DVT according to Pardeller[36] and Pavlish
et al.[37] which has many advantages over other radiographic
stents like barium sulfate as time-saving and easily prepared,
low cost, no scattered artifacts like in barium sulfate that
can affect the resolution of the image and easily used
and applied in any private dental clinics, faculties, dental
facilities as shown by Kim[38] and Kapadia and Jain.[39]
Using the concept of low-dose CBCT is applied for preimplant radiographic assessment, which enables CBCT
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imaging with an even lower patient radiation dose than
standard panoramic imaging which adheres to the concept
of ALARA principle (As Low As Reasonably Achievable)
and it is ideal for obtaining detailed anatomical information
with voxel size 400 μm and patient dose ~6 μSv as shown
by Liljeholm et al.[40]
The main limitation of this research is the inability to
calculate measurements from fresh sockets with recent
extractions (indicated for immediate implantation) or
early implant placement with ST healing, it was performed
after 3 months (12 weeks) of healing. Another limitation
of this research was that it took a long time to collect
the samples because most of the patients included in the
study do not live in Cairo but in other governorates and
a question arise here in this study, is it really important
to measure the thickness of ST during implant planning
or what concerns is the thickness of bone only?, another
question is related to the use of X-resin with the CBCT
and it’s the ability to give an accurate thickness for both
bone and ST when compared with other modalities?.
According to Resnik,[2] Talwar,[9] Newman et al.,[10]
Goutam et al.,[11] Levine et al.,[18] Fuentealba and
Jofré,[24] AlTarawneh et al.,[26] Hämmerle and Tarnow,[31]
and Suárez‐López del Amo et al.[34] it is important and
valuable to check the thickness of ST and bone during
implant planning especially in difficult cases like the
maxillary anterior region which aid in overcoming failures
that might accompany implant placement.
The study has confidence and support that measurements
taken by CBCT with X-resin have a statistical difference
from measurements taken by the CT or even the ridge
mapping technique. The Scope of this study focused on the
importance of measuring the full thickness of both ST and
bone before implant placement using a single technique
(one modality for both tissues) which could be reliable,
time-saving, applicable, reproducible and of clinical
significance for periodontists, implantologists, and even
general practitioners in the dental field as it is considered
to be a reproducible study that can be repeated in any
search in different ways and can be repeated in any clinical
situation. Clinical recommendation of this study is the need
for further, long-term clinical studies to confirm the current
results.

Conclusion

well the shadow of mucosa with the least radiation dose
and low cost. It is a valid diagnostic tool for dentists to
assess any edentulous area before implant placement.

Clinical significance
Preoperative implant planning is the key to successful
implant insertion in any case. Further measuring the bone
quantity and quality is a prime concern to the operator
before implant insertion and measuring the ST thickness
preoperative is to be considered major concern especially
in the cases of immediate implantation after tooth
extraction or the early implantation (after 4–6 weeks from
tooth extraction) with esthetic concern or in cases of ST
augmentation.
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